Introduction {#sec1}
============

Allergic rhinitis (AR) is the most common noninfectious rhinitis all around the world \[[@B1]\]. AR patients suffer from nasal symptoms including loss of smell and taste, sneezing, lacrimation, and nasal obstruction and irritation \[[@B2]\]. This disease not only decreases the quality of life and routine work, but also negatively affects social economy \[[@B3]\]. Several important pharmacological agents have been used for AR treatment, such as leukotriene receptor antagonists, antihistamines, and intranasal steroids \[[@B2]\]. However, more than 20% AR patients do not show sufficient improvement \[[@B4]\]. Indeed, a population survey reported that up to 62% adults and 29% children undergo poor relief from pharmacotherapy \[[@B5]\]. Taking these data into account, AR is still a therapeutic challenge and more effective pharmacological agents are needed.

In fact, AR is a nasal inflammatory disease upon cutaneous inflammation driven by mast cells and mast cell-mediated Th2 cytokines \[[@B1],[@B4]\]. Mast cells play a particularly important role in allergic diseases, including asthma and AR \[[@B6],[@B7]\]. The percentage of mast cells activation is an indicator for the degree of allergic reaction in AR patients \[[@B8]\]. It has been shown that depletion of mast cells could interfere with chronic allergic inflammation of AR \[[@B9]\]. Activated mast cells secret inflammatory cytokines, such IL-1β, IL-6, tumor necrosis factor (TNF)-α, and thymic stromal lymphopoietin (TSLP) via NF-κB signaling cascades, which contribute to the influx of immune cells and subsequently accelerate inflammatory reactions \[[@B7],[@B10]\]. Thus, these findings together implicate that prevention of mast cell activation and its cytokines production is an effective approach for AR treatment.

MicroRNAs (miRNAs) are a class of endogenous, small (22 nucleotides in length) and noncoding RNAs that post-transcriptionally regulate the target genes expressions by binding to the 3′-untranslated region (3′-UTR) \[[@B11]\]. Clinical trials and animal experiments demonstrate that miRNAs may be a promising biomarker for AR \[[@B11]\]. Suojalehto et al. \[[@B12]\] found that miR-498, miR-187, miR-143, miR-874, and miR-886-3p levels were increased, while let-7e, miR-18a, miR-126, miR-155 and miR-224 were decreased in the asthmatic patients. These alterations of miRNAs were associated with the severity of asthma. Our previous *in vivo* study showed that MiR-133b could alleviate allergic symptom of AR mice by inhibition of Nlrp3 inflammasome-meditated inflammation \[[@B14]\]. Further, recent study also found that miR-122--SOCS1--JAK2 axis was involved in the regulation of allergic inflammation \[[@B15]\]. These findings suggest that miRNAs could functionally modulate allergic inflammation \[[@B10],[@B14],[@B15]\]. In the present study, we found that miR-302e is the dominant member of miR-302 family expressed in HMC-1 cells, and it was decreased after allergen stimulation, which promotes us to speculate that miR-302e may play a critical role in allergic inflammation. MiR-302e belongs to the miR-302 family, which consists of five members, miR-302a, miR-302b, miR-302c, miR-302d, and miR-302e. The biological functions of this miRNA family were mainly focused in stem cells \[[@B16],[@B17]\]. MiR-302 is highly expressed in human embryonic stem cells (hESCs), and overexpression of miR-302 cluster can promote somatic cell reprograming and maintain hESCs stemness and self-renewal \[[@B16],[@B18],[@B19]\]. However, there are few studies addressing the effect of miR-302 on allergic inflammation. Our present study indicates that miR-302e may be a novel therapeutic target for the treatment of allergic inflammation and AR.

Methods and materials {#sec2}
=====================

Materials and reagents {#sec2-1}
----------------------

Iscove's modified Eagle's medium (IMDM), fetal bovine serum (FBS), streptomycin, penicillin, OptiMEM I medium, and Lipofectamine 2000 were purchased from Invitrogen (CA, U.S.A.). Dimethyl sulfoxide (DMSO), phorbol-12-myristate-13-acetate (PMA), calcium ionophore A23187, ovalbumin (OVA), dexamethasone (Dex), and BAY11 were obtained from Sigma Chemical Co. (MO, U.S.A.). RIPA lysis buffer, Enhanced BCA Protein Determination Kit, and anti-rabbit FITC antibody were from Beyotime (Shanghai, China).

Cell culture {#sec2-2}
------------

The human mast cell lines, HMC-1 cells, were a generous kit from Zhiliang Yu (Second Military Medical University, China) and cultured in IMDM containing 10% FBS, 100 mg/ml streptomycin, and 100 units/ml penicillin at 37°C in 5% CO~2~ atmosphere at 95% relative humidity.

Quantitative real-time PCR {#sec2-3}
--------------------------

Total RNA from HMC-1 cells were isolated using Trizol reagent (Thermo Fisher Scientific, Yokohama, Japan) according to the manufacturer's protocols. Two micrograms of RNA was reverse-transcribed using a RevertAid First Strand cDNA Synthesis Kit (Thermo Fisher Scientific). Real-time PCR was performed using SYBR Green PCR Master Kit (Bio-Rad Laboratories, CA, U.S.A.) on a LightCycler 480 qPCR System (Roche, Basel, Switzerland). To measure miR-302a, miR-302b, miR-302c, miR-302d, and miR-302e expression, cDNA was amplified using miRcute miRNA qPCR kit (TIANGEN, Beijing, China). The specific target gene primers were purchased from RiboBio Co., Ltd. (Guangzhou, China). The real-time PCR experiment was executed in triplicate and the relative mRNA expression index was normalized with GAPDH or U6.

MiRNA transfection {#sec2-4}
------------------

MiR-302e mimics or miR-302e inhibitor or their corresponding negative controls (RiboBio Co., Ltd.) were diluted with OptiMEM I medium and then transfected into HMC-1 cells with Lipofectamine 2000 in accordance to supplier's protocols. After 48 h transfection, cells were treated with PMA (20 nM) plus A23187 (1 μM) or OVA (5 mg/ml) for another 24 h. The concentration of treatment was selected according to a previous report \[[@B20]\].

ELISA {#sec2-5}
-----

To evaluate the inflammatory response, cytokines (IL-1β, IL-6, TNF-α, and TSLP) were assayed in cell culture medium using ELISA kits (Abcam, MA, U.S.A.). Procedures were performed according to the manufacturer's instructions.

Luciferase reporter assay {#sec2-6}
-------------------------

Luciferase reporter assay was performed to predict the direct binding of miR-302e to the target gene RelA. The human RelA 3′-UTR containing miR-302e binding site was generated from HMC-1 genomic DNA and then cloned into the pMIR vector (RiboBio Co., Ltd.), referred to as wild-type RelA 3′-UTR. The mutant 3′-UTR of the RelA gene by substitution of 6 bp from seed region of miR-302e was directly synthesized and inserted into the equivalent reporter vector. HMC-1 cells (2 × 10^5^/well) were seeded in 24-well plates and co-transfected with 3′-UTR of RelA (with either wild-type or mutant luciferase vector) and miR-302e mimics or miR-302e inhibitor using Lipofectamine 2000. Forty-eight hours later, the cells were collected and the luciferase activity was assessed using Dual-Luciferase Reporter Assay System (Promega).

Western blotting {#sec2-7}
----------------

HMC-1 cells were lysed with RIPA lysis buffer containing protease and phosphatase inhibitors (Roche Applied Science, IN, U.S.A.) at 4°C. Cytoplasmic and nuclear proteins of aortas were extracted using a Nuclear/Cytosol Fractionation Kit (BioVision, CA, U.S.A.) according to the manufacturer's protocols. The protein concentration was determined by Enhanced BCA Protein Assay Kit. Equal amount of protein (50 μg) was heated at 95°C for 5 min and separated by 10% sodium dodecyl sulfate/polyacrylamide gel electrophoresis (SDS/PAGE) gels. Protein was then transferred onto polyvinylidene fluoride (PVDF) membranes (Millipore, MA, U.S.A.), which was subsequently blocked by 5% nonfat milk for 1 h. Afterward, the membranes were incubated with the following primary antibodies: RelA (1:500), GAPDH, and Lamin B (1:1000) (Cell Signaling Technology, MA, U.S.A.). The immunoreactive proteins were detected with horseradish peroxidase-conjugated secondary antibodies (Santa Cruz Biotechnology, CA, U.S.A.) and an enhanced chemiluminescence reagent (Pierce Biotech, IL, U.S.A.). Densitometry of bands was quantified using ImageJ software (NIH, Maryland, U.S.A.).

Immunofluorescent staining {#sec2-8}
--------------------------

To detect RelA nuclear translocation in HMC-1 cells, cells were fixed and labeled with rabbit-anti-RelA (1:100) antibody. After incubation with the primary antibody overnight at 4°C, cells were then washed three times with PBS and incubated with anti-rabbit FITC antibody for labeling RelA (1:200) for 1 h at room temperature. Fluorescent images were acquired using the Zeiss Axioplan2 fluorescence microscope (Munich, Germany).

Statistical analysis {#sec2-9}
--------------------

All data were presented as mean value ± standard error of mean (SEM) and compared by two-tailed Student's *t* test or one-way ANOVA, followed by the Bonferroni multiple comparison test. Statistical analysis was performed by SPSS 18.0 software (SPSS Inc., IL, U.S.A.). *P*\<0.05 was considered statistically significant.

Results {#sec3}
=======

Decreased expression of miR-302e in allergen-activated HMC-1 cells {#sec3-1}
------------------------------------------------------------------

MiR-302 family comprises five miRNAs: miR-302a, miR-302b, miR-302c, miR-302d, and miR-302e. To examine the expression pattern of miR-302 family in HMC-1 cells, quantitative real-time PCR was performed. The results showed that the expression of miR-302e was approximately 8-fold higher than that of miR-302a and 5-fold higher than that of miR-302d. The expression of miR-302b and miR-302c was too faint to be detected ([Figure 1](#F1){ref-type="fig"}A). These data suggest that miR-302e is the dominant member of miR-302 family expressed in mast cells. Given that mast cells play critical roles in the pathogenesis of AR and PMA/A23187 can potently cause allergic responses by mast cells \[[@B21]\], we initially explored the role of miR-302e in PMA/A23187-activated HMC-1 cells *in vitro*. PMA/A23187 induced miR-302e down-regulation in HMC-1 cells by a time-dependent manner ([Figure 1](#F1){ref-type="fig"}B). Moreover, we also stimulated HMC-1 cells with 5 mg/ml of OVA for further analysis. Similarly, OVA treatment led a time-dependent decrease in miR-302e level ([Figure 1](#F1){ref-type="fig"}C). In addition, no compensatory expression of miR-302a, miR-302b, miR-302c, and miR-302d was observed upon allergen stimulation (Supplementary Figure S1). These data indicate that miR-302e may play a functional role in the regulation of allergic responses.

![Decreased expression of miR-302e in mast cells after PMA/A23187 treatment\
(**A**) Quantitative real-time PCR analysis of miR-302a, miR-302b, miR-302c, miR-302d, and miR-302e levels in human mast cell line, HMC-1 cells. (**B** and **C**) The cells were treated with PMA (20 nM) plus A23187 (1 μM) or ovalbumin (OVA, 5 mg/ml) for 6, 12, 24, or 48 h. The expression of miR-302e was determined by quantitative real-time PCR; \**P*\<0.05, \*\**P*\<0.01 vs. control, *n*=6.](bsr-38-bsr20180025-g1){#F1}

Overexpression of miR-302e blocked allergen-induced allergic inflammation {#sec3-2}
-------------------------------------------------------------------------

To investigate whether allergen-decreased miR-302e expression is essential for allergic inflammation, HMC-1 cells were transfected with miR-302e mimics or mimics negative control before PMA/A23187 or OVA stimulation. Quantitative real-time PCR confirmed that miR-302e was successfully overexpressed in HMC-1 after miR-302e mimics transfection without affecting miR-302a, miR-302b, miR-302c, and miR-302d mRNA levels (Supplementary Figure S2A). As shown in [Figure 2](#F2){ref-type="fig"}A--D, PMA/A23187 significantly increased the level of inflammatory cytokines, such as IL-1β, IL-6, TNF-α, and TSLP. However, up-regulation of miR-302e markedly inhibited the increase in these cytokines. Consistently, miR-302e overexpression also suppressed the mRNA level of IL-1β, IL-6, TNF-α, and TSLP induced by PMA/A23187 ([Figure 2](#F2){ref-type="fig"}E--H). As expected, Dex, which was used as a positive control, exerted similar inhibitory effect on inflammatory cytokines level ([Figure 2](#F2){ref-type="fig"}). In addition, up-regulation of miR-302e was also associated with reduced IL-1β, IL-6, TNF-α, and TSLP mRNA level upon OVA treatment (Supplementary Figure S3A--D).

![MiR-302e overexpression inhibited allergen-induced allergic inflammation in mast cells\
(**A**--**D**) HMC-1 cells were pretreated with miR-302e mimics (miR-302e-m, 40 nM) or mimics negative control (NC-m) for 48 h, or dexamethasone (Dex, 100 nM) for 1 h before PMA (20 nM) plus A23187 (1 μM) stimulation for further 24 h. ELISA analysis of the level of IL-1β (A), IL-6 (B), TNF-α (C), and TSLP (D). (**E**--**H**) The mRNA level of IL-1β (E), IL-6 (F), TNF-α (G), and TSLP (H) was examined by quantitative real-time PCR; \*\**P*\<0.01 vs. control; ^\#\#^*P*\<0.01 vs. PMA + A23187, *n*=5.](bsr-38-bsr20180025-g2){#F2}

Inhibition of miR-302e promoted allergic inflammation in HMC-1 cells {#sec3-3}
--------------------------------------------------------------------

To further confirm the effect of miR-302e on allergic responses, we inhibited miR-302e expression in HMC-1 prior to allergen treatment. MiR-302e inhibitor transfection significantly decreased miR-302e expression, but had no effect on miR-302a, miR-302b, miR-302c, and miR-302d expression levels (Supplementary Figure S2B). The results of ELISA showed that the PMA/A23187 induced the release of IL-1β, IL-6 and TNF-α, and TSLP was markedly enhanced after miR-302e inhibition ([Figure 3](#F3){ref-type="fig"}A--D). Moreover, knockdown of miR-302e also further increased the mRNA level of IL-1β, IL-6, TNF-α, and TSLP induced by PMA/A23187 or OVA ([Figure 3](#F3){ref-type="fig"}E--H and Supplementary Figure S3E--H). Overall, the results demonstrate that miR-302e expression may be critical for allergic inflammation.

![MiR-302e inhibition enhanced allergic inflammation induced by PMA/A23187\
(**A**--**D**) HMC-1 cells were transfected with miR-302e inhibitor (miR-302e-i, 40 nM) or inhibitor negative control (NC-i) for 48 h and then treated with PMA (20 nM) plus A23187 (1 μM) for 24 h. The level of IL-1β (A), IL-6 (B), TNF-α (C), and TSLP (D) was determined by ELISA assay. (**E**--**H**) Quantitative real-time PCR analysis of the mRNA level of IL-1β (E), IL-6 (F), TNF-α (G), and TSLP (H); \*\**P*\<0.01 vs. control; ^\#\#^*P*\<0.01 vs. PMA + A23187, *n*=5.](bsr-38-bsr20180025-g3){#F3}

MiR-302e targeted at RelA 3′-UTR {#sec3-4}
--------------------------------

To look for the target gene of miR-302e in HMC-1 cells, we used the miRNA prediction software (TargetScan 7.0, [www.Targetscan.org](http://www.Targetscan.org)) to search the potential target genes. The results showed that RelA, a gene known to be involved in regulating inflammation, was the potential target gene of miR-302e. As displayed in [Figure 4](#F4){ref-type="fig"}A, an 8 bp fragment of RelA 3′-UTR is complementary to the miR-302e seed sequence. By co-transfection with miR-302e mimics, miR-302e inhibitor or their corresponding negative controls, and RelA 3′-UTR or the mutant one in HMC-1 cells, the luciferase assay showed that up-regulation of miR-302e significantly decreased the luciferase activity of RelA 3′-UTR. However, miR-302e mimics failed to affect the luciferase activity elicited by the reporter carrying the RelA 3′-UTR with the mutant miR-302e-binding site ([Figure 4](#F4){ref-type="fig"}B). Additionally, miR-302e inhibition significantly increased the luciferase activity of RelA 3′-UTR, but this enhanced effect was also abrogated in cells transfected with mutated RelA 3′-UTR ([Figure 4](#F4){ref-type="fig"}C). Furthermore, the effect of miR-302e on endogenous RelA protein expression was determined. Consistently, up-regulation of miR-302e reduced RelA protein expression, whereas miR-302e inhibition increased RelA expression ([Figure 4](#F4){ref-type="fig"}D,E). These data indicate that miR-302e negatively regulates RelA expression.

![MiR-302e negatively regulates RelA expression\
(**A**) Predicted miR-302e seed matches to the sequence in the 3′-UTR of RelA. The complementary sequences were shown. (**B** and **C**) HMC-1 cells were co-transfected with luciferase reporter containing RelA 3′-UTR or the mutant one, and miR-302e mimics (B) or miR-302e inhibitor (C). Dual luciferase activity assay was performed to test the luciferase activity of RelA 3′-UTR; \*\**P*\<0.01 vs. NC-m, *n*=5. (**D** and **E**) Western blotting analysis of RelA protein expression in HMC-1 cells transfected with miR-302e mimics (D) and miR-302e inhibitor (E) for 48 h; \*\**P*\<0.01 vs. control, *n*=4.](bsr-38-bsr20180025-g4){#F4}

MiR-302e inhibited activation of NF-κB in HMC-1 cells {#sec3-5}
-----------------------------------------------------

To confirm that whether RelA is the direct target of miR-302e that mediates allergic inflammation, we employed a pharmacological inhibitor of NF-κB, and then measured its effects on the release of inflammatory cytokines. The enhanced effects of miR-302e inhibition on inflammatory cytokines release were completely inhibited by NF-κB inhibitor, BAY11 ([Figure 5](#F5){ref-type="fig"}A--D), further suggesting the critical role of RelA in miR-302e-attenuated allergic inflammation. We next investigated the effect of miR-302e on NF-κB activation, which is important for regulating inflammatory cytokines production by activated mast cells during allergic inflammation \[[@B22]\]. Western blotting results showed that the translocation of RelA from cytoplasm to nucleus was increased after PMA/A23187 treatment for 24 h, indicating the activation of NF-κB. Following miR-302e overexpression, the increased level of RelA in nucleus was inhibited, but the level of RelA in cytoplasm remained the same ([Figure 5](#F5){ref-type="fig"}E,F). This was further confirmed by immunofluorescent staining using anti-RelA antibody ([Figure 5](#F5){ref-type="fig"}G). These data indicate that miR-302e ameliorates allergic inflammation at least in part through inhibition of NF-κB signaling pathway.

![MiR-302e suppressed NF-κB activation\
(**A--D**) HMC-1 cells were pretreated with miR-302e inhibitor or inhibitor negative control for 48 h, or with BAY11 (20 μM) for 1 h, prior to PMA (20 nM) plus A23187 (1 μM) stimulation. The level of IL-1β (A), IL-6 (B), TNF-α (C), and TSLP (D) was determined by ELISA; \*\**P*\<0.01 vs. PMA+A23187; ^\#\#^*P*\<0.01 vs. PMA + A23187 + miR-302e-i, *n*=4. (**E** and **F**) The cells were transfected with miR-302e mimics or mimics negative control for 48 h and then treated with PMA plus A23187 for 24 h. Nuclear (E) and cytosol (F) proteins were isolated and detected by Western blotting using RelA antibody. (**G**) Representative images of RelA distribution in HMC-1 cells; \*\**P*\<0.01 vs. control; ^\#\#^*P*\<0.01 vs. PMA + A23187, *n*=6.](bsr-38-bsr20180025-g5){#F5}

Discussion {#sec4}
==========

Accumulating evidences have suggested that miRNAs exert robust effects on immune response by functionally targeting multiple target genes in a wide variety of cells \[[@B13],[@B25]\]. Considering the higher stability of miRNA than other mRNA moieties or even some proteins, this stability is yet to be exploited for therapeutic approach for allergic diseases \[[@B14]\]. For example, miR-21 knockout mice showed reduced allergic inflammation in lung after allergen stimulation \[[@B26]\], while miR-155 knockout mice revealed increased passive cutaneous anaphylaxis responses in mast cells \[[@B27]\]. Moreover, it is worthy to note that the aberrant level of miRNAs may implicate important clinicopathological significances of AR \[[@B12]\]. MiR-106b in dendritic cells and miR-133a in bronchial smooth muscle cells were down-regulated after OVA challenge, while miR-221 and miE-485 were shown to increase in the lung tissues of an OVA-induced murine asthma model \[[@B28]\]. These changes of miRNAs play a key role in allergic inflammation. Additionally, miR-125b was found to increase in the mucosal epithelium of chronic rhinosinusitis patients, and this overexpression increased type I IFN release by negatively regulating 4E-BP-1 protein expression \[[@B31]\]. In monocytes isolated from 6-year-old children with AR, miR-21 was down-regulated, which reduced the severity of the inflammatory response \[[@B26],[@B32]\]. Moreover, our recent study observed that miR-133b expression was reduced in OVA-induced AR mice, while restoration of this miRNA could attenuate allergic inflammation by targeting Nlrp3 \[[@B14]\]. Herein, we provide *in vitro* evidence that miR-302e is the dominant miR-302 family member expressed in HMC-1 cells and dramatically regulated in response to PMA/A23187 or OVA treatment. In support, using complementary gain- and loss-of-function approaches, we demonstrate that miR-302e inhibits allergic inflammation by targeting RelA. In light of these findings, our study suggests that miR-302e may be a novel regulator of RelA and allergic inflammation.

Mast cells play a foundational role in the acute phase of AR \[[@B7],[@B8]\]. Activation of mast cells leads to allergic inflammatory response and increases the infiltration of immune cells, such as neutrophils, dendritic cells, and eosinophils \[[@B4],[@B6],[@B7]\]. Thus, mast cell degranulation has been suggested to the major target of antiallergic drugs. Several miRNAs have been reported to regulate cellular function of mast cells. For example, overexpression of miR-375 in esophageal epithelium inhibited mast cell activation \[[@B33]\]. Mayoral et al. \[[@B34]\] demonstrated that miR-221/222 was up-regulated in activated mast cells and inhibited cell cycle and cytoskeleton. Additionally, the degranulation of mast cells was also attenuated by miR-155 and miR-223 \[[@B27],[@B35]\]. In our study, mast cell activation was induced *in vitro* by PMA and A23187, which are protein kinase C activator and calcium ionophore respectively. It has been documented that the level of protein kinase C family and intracellular calcium is important for allergen-mediated mast cell activation \[[@B4],[@B20]\]. Upon PMA/A23187 challenge, mast cells can produce inflammatory cytokines (TNF-α, TSLP, IL-1β, IL-5, IL-6, IL-8, and IL-13) via NF-κB pathway \[[@B22],[@B36]\]. Indeed, our results showed that PMA/A23187 treatment resulted in a dramatic increase in IL-1β, IL-6, TNF-α, and TSLP levels, which was in agreement with previous studies \[[@B4],[@B20]\]. Importantly, miR-302e overexpression led to a marked inhibition of IL-1β, IL-6, TNF-α, and TSLP levels in PMA/A23187-treated HMC-1 cells. However, down-regulation of miR-302e promoted the release of the above cytokines. Furthermore, we also treated HMC-1 cells with OVA. Expectedly, elevation of miR-302e inhibited, whereas knockdown of miR-302e potentiated OVA-induced the increase in IL-1β, IL-6, TNF-α, and TSLP mRNA levels. Collectively, these data demonstrate the inhibitory effect of miR-302e on allergic inflammation.

To determine the mechanisms by which allow miR-302e to inhibit allergic inflammation in HMC-1 cells, custom prediction of TargetScan was used to predict the targets of miR-302e. The potential targets of miR-302e that could be involved in inflammation led us to focus on RelA, also known as p65, a member of the NF-κB family, which regulates many inflammatory cytokines and reactions \[[@B37]\]. Inhibition of NF-κB transcriptional activity in mast cell nucleus can significantly suppress the expression of adhesion molecules and inflammatory cytokines \[[@B24]\]. Several miRNAs have been evidenced to control RelA through binding to specific target sequences in the 3′-UTR region, as shown for miR-124, miR-221, and miR-186 \[[@B38]\]. In the present study, we found an inverse regulation of RelA by miR-302e. Ectopic miR-302e remarkably suppressed RelA expression and luciferase activity, whereas inhibition of miR-302e was associated with opposite results. This demonstrates that miR-302e directly targets to the 3′-UTR of RelA. Simultaneously, the enhanced level of inflammatory cytokines in PMA/A23187-treated HMC-1 cells with miR-302e down-regulation has been similarly reversed by pharmacological inhibition of NF-κB. Therefore, it strongly indicates that miR-302 inhibits PMA/A23187-induced allergic inflammation by targeting RelA. Interestingly, although miR-302e overexpression inhibited RelA translocation and reduced the abundance of RelA in nucleus, the cytoplasmic level remained unchanged. These results suggest that the inhibitory effect of miR-302e on inflammatory cytokines may be partially due to its ability to suppress NF-κB transcriptional activity in mast cell nucleus.

In summary, the present study demonstrates that miR-302e is down-regulated in HMC-1 cells in response to PMA/A23187. MiR-302e overexpression limits allergic inflammation through inhibition of NF-κB activation. These results reveal a novel anti-inflammatory role of miR-302e in activated mast cells, suggesting that miR-302e may be a promising therapeutic target for the treatment of allergic diseases, such AR.

Supporting information {#sec5}
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###### Effects of PMA/A23187 or OVA treatment on miR-302a, miR-302b, miR-302c and miR-302d level.

(A-H) HMC-1 cells were treated with PMA (20 nM) plus A23187 (1 μM) or ovalbumin (OVA, 5 mg/mL) for 6, 12, 24 or 48 h. The expression of miR-302a (A and E), miR-302b (B and F), miR-302c (C and G) and miR-302d (D and H) was determined by quantitative real-time PCR.

###### Effect of MiR-302e mimics or inhibitor on the expression of miR-302 family members.

(A and B) HMC-1 cells transfected with miR-302 mimics (miR-302e-m, 40 nM) (A) or miR-302 inhibitor (miR-302e-i, 40 nM) (B) for 48 h. The expression of miR-302a, miR-302b, miR-302c, miR-302d and miR-302e was determined by quantitative real-time PCR. \*\*P\<0.01 vs. NC-m or NC-i, n=6.

###### Effects of miR-302e on OVA-induced the mRNA level of cytokines.

\(A\) HMC-1 cells were transfected with miR-302e mimics (miR-302e-m, 40 nM), miR-302e inhibitor (miR-302e-i, 40 nM), mimics negative control (NC-m) or inhibitor negative control (NC-i) for 48 h and then treated with ovalbumin (OVA, 5 mg/mL) for 24 h. The mRNA level of IL-1β (A and E), IL-6 (B and F), TNF-α (C and G) and TSLP (D and H) was examined by quantitative real-time PCR. \*\*P\<0.01 vs. control; \#\#P\<0.01 vs. OVA, n=6.
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